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Preface
The bottleneck in most numerical simulations of uid ow is turbulence. The broad range
of length-scales in turbulent ows requires a computational grid, that in most cases, is
too ne to t in the main memory of the computers of today, also the computational
time is far too long. The same will be true in the foreseeable future. Only for simple
ows at moderate Reynolds numbers (up to Re=10
5
) direct numerical simulation (DNS)
is possible, see Chapter 3. Therefore, the turbulence of uid ows has to be modelled.
This is a serious problem since most models dier from ow to ow and are in general
based on crude assumptions. As a consequence, a lot of research has to be done to
understand turbulence and improve turbulence models. This thesis is intended as a small
contribution.
The main subject of this thesis is the application of the proper orthogonal decompo-
sition (POD) technique to a turbulent ow, in order to get a relatively low-dimensional
dynamical system which describes the turbulent ow. This dynamical system can be
used to cheaply simulate the turbulent ow, to vary the Reynolds numbers for transition
analysis, and to apply techniques from dynamical systems theory to gain a better un-
derstanding of turbulence. POD is a technique to subtract stationary ow elds from a
turbulent ow which are optimal in the sense that any other set with the same number
of ow elds, i.e. Fourier modes, contain less energy on average than the POD eigenfunc-
tions. The low-dimensional dynamical system is derived through a Galerkin projection of
the Navier-Stokes equations on the POD eigenfunctions.
This thesis consists of 7 chapters. The rst chapter is the introduction, in which
a brief introduction to turbulence is presented, and some techniques from dynamical
systems theory are described. The second chapter consists of the theory of the POD,
the computational method to compute the POD, the derivation of the low-dimensional
dynamical system, and the closure models which are necessary to model the inuence
of the non-resolved POD eigenfunctions. Chapter 3 describes the DNS of the 2D and
3D driven cavity ows, which supplies the data needed for the computation of the POD.
In addition the DNS provides reference data for comparison with the low-dimensional
dynamical system. The POD of the 2D driven cavity is discussed in Chapter 4. Results
of the low-dimensional dynamical system are presented in Chapter 5. The POD of the
3D driven cavity is described in Chapter 6, and the low-dimensional dynamical system is
discussed in Chapter 7.
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